The recent ALEPH measurements of the inclusive Cabibbo-suppressed decay width of the τ and several moments of its invariant mass distribution are used to determine the value of the strange quark mass. We obtain, in the MS scheme, ms(M 2 τ ) = (119 ± 24) MeV, which corresponds to ms(1 GeV 2 ) = (164 ± 33) MeV, ms(4 GeV 2 ) = (114 ± 23) MeV.
INTRODUCTION
The precise numerical value of the strange quark mass is a controversial issue, with important implications for low-energy phenomenology. The Particle Data Group [1] quotes a rather wide range of m s values, reflecting the large uncertainties in the present determinations of this parameter from QCD Sum Rules and Lattice calculations.
The high precision data on tau decays [2] collected at LEP and CESR provide a very powerful tool to analyse strange quark mass effects in a cleaner environment. The QCD analysis of the inclusive tau decay width,
has already made possible [3] an accurate measurement of the strong coupling constant at the τ mass scale, α s (M 2 τ ), which complements and competes in accuracy with the high precision measurements of α s (M 2 Z ) performed at LEP. More recently, detailed experimental studies of the Cabibbo-suppressed width of the τ have started to become available [4, 5] , allowing to perform a systematic investigation of the corrections induced by the strange quark mass in the τ decay width [6] [7] [8] .
What makes a m s determination from τ data very interesting is that the hadronic input does * Invited talk at QCD'99, Montpellier, July 1999 not depend on any extra hypothesis; it is a purely experimental issue, which accuracy can be systematically improved. The major part of the uncertainty will eventually come from the theoretical side. However, owing to its inclusive character, the total Cabibbo-suppressed tau decay width can be rigorously analyzed within QCD, using the Operator Product Expansion (OPE). Therefore, the theoretical input is in principle under control and the associated uncertainties can be quantified.
THEORETICAL FRAMEWORK
The theoretical analysis of the inclusive hadronic tau decay width [9] [10] [11] [12] involves the twopoint correlation functions
where the superscript in the transverse and longitudinal components denotes the corresponding angular momentum J = 1 (T) and J = 0 (L) in the hadronic rest frame. Table 1 Explicit values of the relevant kinematical kernels.
The semi-hadronic decay rate of the τ lepton, can be expressed as an integral of the spectral functions Im Π T (s) and Im Π L (s) over the invariant mass s of the final-state hadrons as follows:
Moreover, according to the quantum numbers content of the two-point function correlators
we can decompose R τ into
where R τ,V and R τ,A correspond to the first two terms in Eq. (4), while R τ,S contains the remaining Cabibbo-suppressed contributions. The measurement of the invariant mass distribution of the final hadrons provides additional information on the QCD dynamics, through the moments [12] 
τ as a particular case. Exploiting the analytic properties of Π J (s), we can express these moments as contour integrals in the complex s-plane running counter-clockwise around the circle |s| = M 2 τ :
We have used integration by parts to rewrite R kl τ in terms of the logarithmic derivatives
which satisfy homogeneous renormalization group equations. All kinematical factors have been absorbed into the kernels
. Table 1 shows the explicit form of these kernels for the moments which we are going to analyze in the following sections.
For large enough −s, the contributions to D J (s) can be organized with the OPE in a series of local gauge-invariant scalar operators of increasing dimension D = 2n, times the appropriate inverse powers of −s. This expansion is expected to be well behaved along the complex contour |s| = M 2 τ , except in the crossing point with the positive real axis [13] . As shown in Table 1, the region near the physical cut is strongly suppressed by a zero of order 3 + k at s = M 2 τ . Therefore, the uncertainties associated with the use of the OPE near the time-like axis are very small. Inserting this series in (7) and evaluating the contour integral, one can rewrite R kl τ as an expansion in inverse powers of
and we have pulled out the electroweak corrections S EW = 1.0194 [14] and δ ′ EW ≃ 0.0010 [15] .
The dimension-zero contribution δ kl (0) is the purely perturbative correction, neglecting quark masses, which, owing to chiral symmetry, is identical for the vector and axial-vector parts. The symbols δ
ij,A ]/2 stand for the average of the vector and axial-vector contributions from dimension D ≥ 2 operators; they contain an implicit suppression factor 1/M D τ .
SU(3) BREAKING
The separate measurement of the Cabibboallowed and Cabibbo-suppressed decay widths of the τ [4] allows one to pin down the SU(3) breaking effect induced by the strange quark mass, through the differences
The leading contributions to δR kl τ are quarkmass corrections of dimension two [6, 7] ; they are the dominant SU(3) breaking effect, generating the wanted sensitivity to the strange quark mass. The corrections of O(m 4 ) are very tiny [7] . The main D = 4 contribution comes from the SU(3)-breaking quark condensate
Neglecting the small O(m 4 ) terms and D ≥ 6 contributions, δR kl τ can be written as [7] :
where
kl (a τ ) and Q kl (a τ ) are known to O(a 2 τ ). Moreover, the O(a 3 τ ) contributions to ∆ (2) kl (a τ ) coming from the longitudinal correlator D L (s) have been also computed. Using the value of the (MS) strong coupling determined by the total hadronic τ decay width [3] , α s (M 2 τ ) = 0.35 ± 0.02, one gets the numerical results shown in Table 2 [7] .
(0,0) 2.0 ± 0.5 1.08 ± 0.03 (1,0) 2.4 ± 0.7 1.52 ± 0.03 (2,0) 2.7 ± 1.0 1.93 ± 0.02 (1,1) −0.39 ± 0.26 −0.41 ± 0.02 (1, 2) 0.07 ± 0.06 −0.02 ± 0.01 Table 2 Numerical values [7] of the relevant perturbative expansions for α s (M The rather large theoretical uncertainties of
have their origin in the bad perturbative behaviour of the longitudinal contribution. The most important higher-order corrections can be resummed [6] , using the renormalization group, but the resulting "improved" series is still rather badly behaved. The SU(3)-breaking condensate δO 4 could be extracted from the τ decay data, together with m s , through a combined fit of different δR kl τ moments. However, this is not possible with the actual experimental accuracy. We can estimate the value of δO 4 using the constraints provided by chiral symmetry. To lowest order in Chiral Perturbation Theory, δO 4 is fully predicted in terms of the pion decay constant and the pion and kaon masses:
Taking into account the leading O(p 4 ) corrections through the ratio of quark vacuum condensates [17, 18] 
one gets the improved estimate,
where we have used the known quark mass ratio [16] m s /m = 24.4 ± 1.5. Strictly speaking, δO 4 and v s are scale dependent. This dependence cancels with the O(m 4 ) contributions [7] and is then of O(p 8 ) in the chiral expansion. The numerical effect is smaller than the accuracy of (16) and has been neglected together with the tiny O(m 4 ) corrections.
NUMERICAL ANALYSIS
The ALEPH collaboration has measured [4] the weighted differences δR kl τ for five different values of (k, l). The experimental results are shown in Table 3 , together with the corresponding m s (M 2 τ ) values. Since the QCD counterparts to the moments (k, l) = (1,1) and (1,2) have theoretical uncertainties larger than 100%, we only use the moments (k, l) = (0,0), (1, 0) , and (2,0).
The experimental errors quoted in Table 3 do not include the present uncertainty in |V us |. To [7] . The first error is experimental and the second theoretical.
estimate the corresponding error in m s , we take the following numbers from ALEPH: R Taking the information from the three moments into account, we get our final result [7] :
The first error is experimental, the second reflects the QCD uncertainty and the third one is from the present uncertainty in |V us |. Since the three moments are highly correlated, we have taken the smaller individual errors as errors of the final average. Our determination (17) corresponds to
and
COMPARISON WITH ALEPH
The ALEPH collaboration has performed a phenomenological analysis of the δR kl τ moments in Table 3 To derive these numbers, ALEPH has used our published results in refs. [6] , [9] and [12] . Since we have analyzed the same data with improved theoretical input [7] , it is worthwhile to understand the origin of the numerical difference. ALEPH makes a global fit to the five measured moments, including the last two which are unreliable (100% theoretical errors). In view of the asymptotic behaviour of ∆ kl (a τ ) and, therefore, get a larger result for m s (the first value above) because the sensitivity to this parameter is through the product m kl (a τ ). Since they put rather conservative errors, their result is nevertheless consistent with ours.
ALEPH has made a second analysis subtracting the J = L contribution. Unfortunately, only the pion and kaon contributions are known. Using the positivity of the longitudinal spectral functions, this pole contributions provide lower bounds on ImΠ [7] . However, besides subtracting the pion and kaon poles, ALEPH makes a tiny ad-hoc correction to account for the remaining unknown J = L contribution, and quotes the resulting number as a m s (M 2 τ ) determination [the second value above]. Since they add a generous uncertainty, their number does not disagree with ours. However, it is actually an upper bound on m s (M 2 τ ) and not a determination of this parameter.
